This paper proposes a novel method for low power communication between two Low Earth Orbiting satellites. The IsOWC system is designed for minimum input power of 27.02 dBm and -7.6 dBm, at 2.5Gbps. A standardized system for a distance of 5000 km and wavelength 1550 nm is designed and its performance is analysed by varying the modulation schemes and filters. A Square root (SQRT) transfer function module (SRm) is used to compensate the square-law characteristic of the photodiode. By using SRm in the system 67% increment in system efficiency is observed. The optimized performance is obtained by using NRZ scheme and Bessel filter. Highest Q factor of 6.70 dB and 6.72 dB are obtained for simulation with NRZ scheme and Bessel filter respectively, with minimum BER 10 -12 .
Introduction
Wireless communication is needed for sending information between satellites and from satellite to ground stations. High speed and secure communication makes optical wireless communication a promising technology for inter-satellite communication. Because of high bandwidth, small size, light weight, low power and low cost of inter satellite optical wireless communications (IsOWC),it has become an alternative to present microwave satellite systems.
According to the reports published in April 2009, there are 6124 satellites orbiting Earth and this number increases year by year [1] . The optical wireless communication (OWC) technology has been grown up over these years. Laser communication is matured enough to send information at data rates up to several second (Gbps) and at distance of thousands of kilometers apart. Inter satellite optical wireless communication (IsOWC) is developed by adapting optical wireless communication technology into space technology.
IsOWC can connect one satellite to another, whether the satellite is in the same orbit or in different orbits. By using light the data can be sent without much delay and with minimum attenuation since the space is considered to be vaccum. By using optical link over the RF link the main advantage is that it can send high speed data to a distance of thousands of kilometers using tiny payload [2] . As the size of the payload decreases then in turn the mass and the cost of the satellite will also decrease. Another reason of using optical wireless communication is due to small wavelength. The beam width that can be achieved using lasers is narrower than that of the RF system, it is due to the fact that RF wavelength is much longer compared to lasers hence [3] . Due to this reason, OWC link results in low loss compared to RF but it demands a highly accurate tracking system to make sure that the connecting satellites are aligned and have line of sight.
A satellite is a machine or planet that orbits a planet or star in space. Satellites are mainly 2 types, natural and artificial. The Moon is a natural satellite to Earth and the Earth is a natural satellite to the Sun. Artificial satellites were using for many applications such as communication, scientific research, global positioning and remote sensing. There are three commonly used orbits around earth for satellites Geosynchronous Earth Orbits (GEO), Medium Earth Orbits (MEO) and Low Earth Orbits (LEO). The main difference among these orbits is in the altitude above the Earth surface .Low Earth Orbit extending from 200 km to 2000 km, it means that it is relatively low in altitude, although well above anything that a conventional aircraft can reach. LEO satellites take from 2 to 4 hours to revolve around Earth. Several satellites were launched it to this orbit to perform a single mission. The orbit that is situated from 10,000 km to 20,000 km altitude is called Medium Earth Orbit (MEO) and the orbital period is from 4 to 12 hours. Most of the remote sensing satellites were found in MEO orbit. Geosynchronous Orbit (GEO) which has 36,000 km altitude from Earth usually occupied by Communication satellites for broadcasting and telephone relay. A GEO satellite takes 24 hours to revolve around Earth which makes it seem like stationary from Earth's point of view [4] .
In this paper a standardized system is designed with components that are easily available in the market. The prime concern was to design a system with minimum power and low cost.
IsOWC system
IsOWC system uses laser beam to provide wireless connectivity between transmitter and receiver, free-space as medium for carrying information. The characteristics of the propagation medium greatly influence the performance of the system [5] . Thus, the selection of modulation technique is an important role in the design process of the system. There are two types of optical wireless communication (OWC) systems: (i) non-line-of-sight or diffusedlink (DL) system and (ii) line-of-sight (LOS) system. The DL system solves the problem of mobility, severe shadowing but has a huge loss because of the multipath propagation. On the other hand, LOS or directed beam system provides excellent transmission capacity, but affected by shadowing problems and limited mobility. For IsOWC system, the coverage distance required is of the order of thousands of kilometres, thus it uses only Line of sight systems.
First inter satellite communication employing optical link was successfully achieved on March 2003 between Artemis and Satellite Pour L`Observation De La Terre 4 or SPOT-4 (French satellite) [6, 7] . The simplex communication from Artemis to SPOT-4 was done by using data transmitted at 50Mbps with signal wavelength of 850nm and optical signal with the power of 120mW. Artemis was placed in the Geo earth orbit while SPOT-4 was in Low earth orbit at altitude of 832 km. A full-duplex communication between Artemis and Japanese satellite named Kirari was achieved In December 2005. These two experiments have shown that IsOWC is possible.
System Design
The IsOWC system consists of three main parts which are transmitter, propagation channel and receiver as shown in Fig. 2.1 where the transmitter is placed in the first satellite and the receiver is in the second satellite. Optical wireless communications uses light at near-infrared range to communicate.
The IsOWC transmitter receives data from the Telemetry, Tracking and Communication (TT&C) system of satellite. The data that usually transmitted by a satellite are such as the satellite position and altitude tracking, captured image for remote sensing satellite, or even voice data for telephone network relaying satellite.
Light-emitting diode (LED) and injected laser diode (ILD) are two types of optical light source commonly used in optical communication. The electrical signal from TT&C system will modulate the source by an optical modulator before it is transmitted out to space.
The optically modulated light pulses are transmitted in the transmission medium to the receiving satellite. The optical wireless channel is the transmission medium for IsOWC system. Different from free space optics that is affected by many losses due to weather and atmospheric attenuation, the OWC channel is vacuum and free from atmospheric losses.
The receiving end of the IsOWC signal consists of a photodiode, a square root module and a low pass filter. Due to the high responsivity of the Avalanche photodiode (APD) is used in long distance free space optical data transmission.
Fig. 2.1 IsOWC Block Diagram
For the LOS system, the received power is given by [5] 2 / 4
where P R is the received power; P T is the transmitted power; µ T is the optics efficiency of the transmitter; µ R is the optics efficiency of the receiver; G T is the transmitter gain; G R is the receiver gain; L T is the transmitter pointing loss factor; L R transmitter and receiver. The transmitter gain is given by [6] 
where D T is the transmitter telescope diameter. The receiver gain is given by
where D R is the receiver telescope diameter. Here, the transmitter pointing loss factor is given by T R are the transmitter and receiver pointing error, respectively. From the above equations we can conclude that there exists a trade-off between coverage distance and the received power, that is, the coverage distance and the received power were in inverse relation [7] . A Continuous wave (CW) laser which is used as the light source is tuned to the wavelength 1550 nm. A data signal which is to be transmitted is generated by pseudo random bit Sequence generator with a bit rate of 2.5 Gbps and the corresponding pulses are created with the help of a Non Return to Zero (NRZ) pulse generator. The emitted light is then externally modulated with the help of a mach zehnder modulator. Modulated signal which carries the information is now sent to the destination through the Optical Wireless Communication (OWC) channel which is set to 5000 km (distance between 2 LEO Satellites).
The signal is detected by an Avalanche Photo Detector (APD). A Square root (SQRT) transfer function [8] module (SRm) is placed after the photodiode to compensate the square-law characteristic of the photodiode and to improve the performance of linear equalizers. Then the signal is filtered with the help of a Bessel Low Pass Filter (LPF) which having cut off frequency of 0.75*bit rate. The signal is then regenerated and observed using Eye diagram analyzer.
The performance of the system is analyzed by observing BER and Q-factor value. The standard value of BER for error free communication is less than or equal to 10 -12 for efficient communication system corresponding to Q value of 6.8 dB or greater for communication purpose [9] . Different values of parameters set for the simulation is given in the Table 3 .1. Bit rate and CW Laser input power are correspondingly varied here to find the minimum power required to make the 5000km communication possible. Minimum transmitter power required for 2 LEO satellite communication is found out using this simulation. From the analysis it is clear that Transmission power and Bit rate of the system are directly proportional.
Results and Discussion

Minimum Input Power Requirement
When the simulation is carried out at 2.5 Gbps, it shows that power obtained before square root module and after square root module are -73.361 dBm and -24.23 dBm respectively. The linearization of the avalanche output is carried out by using square root module and output power increased. 67% increase in system efficiency is obtained by using square root module; in turn minimum input power required for 5000km communication is also reduced drastically from 27.02 dBm to -7.6 dBm.
Modulation Format Selection
The main step in the design of optical communication systems is to decide how the electrical signal should be converted into a bit stream. The simulation is performed by keeping the input power at -7.6 dBm, which is the minimum input power required for the 2.5 Gbps IsOWC system. Of the available modulation formats RZ, NRZ, Raised Cosine etc are tested here for various distances and it is clear that NRZ is superior to all the other modulation schemes. All the other modulation schemes require more input power to attain the 5000 km error free communication. 
Receiver Filter Selection
Electronic filters are analog circuits which carry out signal processing functions, specifically to remove unwanted frequency components from the signal, to capture wanted ones, or both. In ISOWC system filters function is to extract out the signal sent from the transmitter satellite and to reject all other noises. A comparison between several filters is made and it is clear that Bessel, cosine roll off and Gaussian filter gives better performance.
Conclusion
In the near future Inter-satellite optical wireless communication system (IsOWC) will be deployed in space because unlike the present microwave satellite systems, it is providing power efficient and high bandwidth allocation facilities. It has been stated that IsOWC can provide inter satellite communication at greater speed and at much longer distance compared to RF links.
From the model simulation results, it is found that for a standard system error free communication two LEO satellites (5000 km) is possible with a minimum input power of 27.02 dBm at 2.5 Gbps. With the incorporation of a square root module the power requirement is reduced to -7.6 dBm. Also 67% increment in system efficiency is observed. Communication distance between satellites can further be increased if used with lower bit rate, since the system performance is better at lower bit rates. Even though the error increases with increase in wavelength, 1550 nm is used as transmission wavelength to reduce the effect of scattering and for its compatibility with existing devices. Of all usual modulation schemes NRZ performs better than the others hence it is suitable for LEO-LEO communication.
